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C71) We, The Rutish Petroleum 
Company Limited, of Britannic House, 
Moor Lane. London. EC2Y 9BU. a British 
Company, do hereby dedaie the invoition. 
for v^ch we pray that a patwit may be 
granted to us, and the method by whidx it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

The present invention relates to a process 
for the treatment of a viscous oil reservoir 
to increase the water permeability of the 
reservoir and also to a process for the re- 
covery of oil Viscous oil reservoirs are also 
known as tar sands and heavy oil reservoirs, 
and are reservoirs haiving a crude oil visco- 
sity at reservoir temperature greater than 
SO centipoises. 

It is known that in order to recover vis- 
cous crude oils from subterranean reservoirs 
some method of injecting or generating heat 
in the reservoir in order to reduce the crude 
oil viscosity is requhred. Steam has been 
widdy used as a convenient heat carrier. A 
commonly practised technique is that known 
as cyclic steam injection. In this technique 
steam is injected down a well in a viscous 
oil reservoir for a period The steam inieo- 
tion is then stopped and oil is allowea to 
flow from the same well. 

It has been previously proposed in U.S. 
Patent 3357,487 to inject, prior to injection 
of steam, a solvent for the oil» the solvent 
containing a surfactant which is misdble 
with the water or the oil and stable at tem- 
peratures of at least 650°F. 

The presence of surfactant increases the 
efficiency of the solvent However, with the 
surfactants previously described tiiere is a 
risk that the surfactant will be produced 
widi the oil as an emulsion whidi is (Uf- 
ficult to separata It is an object of the in- 
vention to lessen this problem. 

An improved method has now been de- 
vised in whidi the sur&ctant is either therm- 
dly labile or one that is steam distiHable 
with the result that the surfactant is either 



removed or destroyed before tihe end ot the 
steam injection step. 

Accordmg to the present invention a pro- 
cess for the treatment cf a viscous oil reser- 
voir to increase the water jpermeaaibility of 
the reservoir prior to steam injection which 
process comprises injecting a solvent for 
the oil down a well in the reservoir wherem 
the solvent is steam distiHable and contains 
a surfactant whidi is either (i) steam distil- 
lable so that the sdvent and surfoctant are 
caused to penetrate the reservoir by the 
steam and be present in the zone where the 
steam condenses, title surfactant also being 
adsorbable on the reservoir rock so as to 
be adsorbed brfore reaching a production 
well or Qi) thermsJly labile under steam in- 
jection conditions so that the surfactant pro- 
perties are lost before the end of the subse- 
quent steam injection. 

The steam injection and the oil recovery 
steps can be -diose of a conventional cyclic 
steam recovery process or of a steajn drive 
process. 

By the term steam distillalble solvent we 
mean a solvent whidi has a mpom pressure 
curve dose to that of wat«r. It is preferred 
that the solvent employed shaU be capable 
of dissolving the asphalt^es present in 4he 
crude oil and therefore preferred solvents 
are Aose having an aromatic contact of at 
least 25%. By aromatic content we mean 
that determined by fluorescent indicator ab- 
sorption by ASTM D1M9. The suitability 
of a solvent may be readily d^ennined by 
shaking a sample of the crude oil with an 
approximatdy equal volume of the solvent 
to see whether or not solution occurs. It is 
advisable to study the test solution under 
a microscope to ensure that no small in- 
soluble partides, i.e. less than 1 micron are 
present Pref wreid solvents may vary accord- 
ing to the nature <rf the viscous oil but 
suitable steam distillable solvents are tolu- 
ene, refined oils e.g. kerosine naphtha, gaso- 
line and steam cracked gasoline. Qtiier sd* 
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ymts such as pyridine, cydohexane^ cMoio- 
form, may also be used. , . 

The addition of the solvait greatly 
creases the amount of steam that can oe 
mjected into the wdl and the quantity 
chosen is determined empiiicaHy in con- 
nection with eadi wdl so fliat the desired 
amount of steam is injected. 

Steam under pressure can be at tempera- 
tures up to 350<»C and flierefore it is pos- 
sible to heat the oil in the reservoir up to 
this toaperature. By dioosing a surfactant 
Uiat decomposes bdow this tenperature and 
then operatmg die steam heating step so fliat 
tiiose parts of the reservoir in whidi the 
surfactant is mjected are heated above the 
decomposition temperature of the surfactant 
the latter can be destroyed Examples of 
sudi thermally labile surfactants are the 
petroleum sulphonates which are sometim^ 
referred to as alSarly sulphonates or alkaryl 
naphthenic sulphonates. They may be em- 
ployed as sodium, potassium, ammonium or 
substituted ammomum salts. They can be 
obtained by sulphonating at least a portion 
of a sulphonatable hydrocarbon {e,g. g^ 
oils) and tiien neutralismg the product with 
an appropriate alkalL Twical comnerciaUy 
available sulphonates may contam from 5 
to 100% active sulphonate. Most com- 
meicisdiy available petroleum sulphonates 
win break down at flie devated temperatures 
and pressures induced in a viscous oil reser- 
voir by steammg (eg. a petroleum sulphon- 
ate of molecular w^t 460 was found to 
decomposes above 210'^. Their ability 
to break down may readily be ass^sed by 
tiiermal gravim^c analysis m tiie lab- 
oratory. Preferred materials have an 
average molecular weight of 360 to 
520 and preferably from 430 to 480. 
The sulphonate can be a mixture of low and 
hi^ molecular wei^Jit materials. Syntiietic 
alkyl benezene sulphonates and alkyl b&a* 
ene disulohonates can also be emplo^^ pro- 
vided tiiey have the required thermal m- 
stability, ^ - 

Other anionic surfactants that can be 
employed are tiie alkyl eflioxy sulphates and 
the alkyl j^enol ethoxy sulphates. Generally 
such materials are thermaJly unstable and 
can tiierefore be used in the process of the 
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The steam distillable surfactant which is 
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adsorbable on tiie reservoir rock can be 
amine, for example a primary alkyl-amme 
(particularly butylamine^ hexylamine and 
dodecylamine). brandi chain alkylamin^ 
(e.g. pol^obutylamines) and secondary and 
tertiary alkylamines. These materials are 
readily adsorbed on the rock/sand surfaces 
present m a viscous oil reservoir and hence 
removed from the fluids tiierein. 

The quantity of sur&ctant employed can 
be varied conadmbly but dearly it is un- 



desir^le to employ more surfactant than is 
necessary to attain the desired improvranent 
in the ability of flie solvent to dear oil from 
the porous structure at the opoiing of the 
wan into tiie res^oir and thus increase the 70 
quantity of steam than can be injected. The 
presence of the more expensive sur&ctant 
mcreases the ^cisicy of tiie relatively 
dieaper solvent and thus enables a small 
quantity of a solvent to be employed. Gener- 75 
ally an f?ronomicft^ amount of surfoctant to 
employ lies in tiie range 0 J to 5.0 per cent 
by wei^t of tiie soWait 

Conventional techniques may be em- 
ployed to inject tiie surfactant/solvent sola- SO 
tion and the steam into the heavy oil reser- 
voir and to recover oO ther^om. 

The reasons for the success of the process 
according to the present inv^tion are not at 
present dear but it is believed that the sd- 85 
vent/surfactant mixture increases injectivity 
in tiie first part of tiie steam injection cyde^ 
i.e* whfle cold condensed steam enters the 
formation. Reduction of interfadal tension 
reduces capillary pressures and the solvent 
diluted crude oil with lower viscosity is^ in 
part displaced from conducting capillaries. 
As the point of entry warms up, live steam 
will enter and it is thougjit tiiat the solvent 
moves ahead with the stesmi in the gas phase ^5 
and condenses further out in the reservoir. 
This solvent reduces the viscositjr of the 
crude oil and thus increases its mobility; this 
tiien hicreases the steam injectivity of tiie 
wdL . . 

The f ollawing examples illustrate how me 
use of a solvent/surfactant mixture can in- 
crease the waler permeability of a simulated 
heavy oil reservoir. This is thougji to be 
important in tiie hnprovement of injectivity 105 
of steam because it is th& water permeability 
which controls the amount of steam that can 
be injected in the early stages of the steam 
mjection step. 
' 110 

EXAMPIB 1 

A bed of an oil sand mixture was pr&* 
pared by saturating sand mth reservoir 
water and then pumping a Cdd Lake heavy 
crude oil through me bed to displace the 115 
water and saturate the bed with oiL The 
bed was maintained at 276°C and was tiien 
treated witii a 2% by weight solution of 
ammonium petroleum sulphonate in toluene^ 
The volume of solution employed was 120 
equivalent to haS the pore volume of the 
bed. The t^perainre of tiie solution injected 
was 22*^1 

Before treatment tiie water permeability 
of the bed was 0.8 Darcy and after treatmoit 125 
it was 2,8 Daicy. 



EXABmJB 2 

Two further oil sand beds were made up 
as descia3ed in Example 1 hdd at TK^'C 130 
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and treated at 22X wifli haB pore vdumes 
of <a) aromatic kerosine and (b) aromatic 
kerosine (aromatic content 30%) contain- 
ing 1.3% by weigjit of ammonixim petro- 

5 leum sidphonate. With the bed treated vdth 
the aromatic kerosine on its own the initial 
water penneability was less than 0.1 Darcy 
whereas after treatment its penneabUi^ 
was 1.16 Daixgr. 

10 With the other bed in which the am- 
monium petroleum sulphonate was present 
in the kerosine the initial water permeability 
of the bed was 0.7 Darcy and after treat- 
ment it had risen to 2.2 Daicy. It will be 

IS noted that the penneability of the treated 
bed was higher in the case when the solvent 
mcluded a surfactant The sulphonate used 
in these two examples has a molecular 
wdig^t of about 4^ and decomposes at 

20 temperatures above 210**C 

EXABIFLE 3 

A sand bed was prepared from sand de- 
rived from the Cold I^e area of Canada 
^ as descx3>ed in Example 1 and maintained 
at 2760C 

The water peimeaibllity of the bed was 
030 Daicy. 

The bed was then treated wifli 0.3 bed 
3v pore volume of 1% n hexylamine m kero- 
sine solvent (aromatic content 30% wt) in- 
troduced at 22'C 

The water permeability after treatment 
was 1.94 

35 

Example 4 

Example 3 was repeated except that 0.3 
bed pore volume of 1% n butylamme in karo- 
sine (aromatic content 30%) was employed. 
40 The water permeability of the bed before 
treatment was 0.18 Darcy and after treat- 
ment 0 JO Darcy. 

Comparative Experiment A 

45 Example 3 was repeated except 0.3 bed 
pore volume of the kerosine was used alone. 

In the first of two runs the water perme- 
ability before treatment was 0.1 Darcy and 
after treatment was 0.51 Darcy. In the sec- 

50 ond run the water penneability before and 
after treatment was 0.36 and 0.82 respec- 
tively. 

WHAT WE CLAIM IS: — 

55 1. A process for the treatment of a vis- 
cous oil reservoir to increase the water per* 
meability of the reservohr prior to steam 
infection which process comprises injectiog 
a solvent for the oil down a wdl in the reser- 

^ voir wherdui the solvent is steam distOIable 



and contains a surbctant wfaidi is either (i) 
steam distOlable so that the solvent and sur- 
factant are caused to penetrate the reservoir 
by the steam and be present in the zone 
where the ste^ cond^es» tiie surfactant 65 
also being adsorbable on the reservoir rock 
so as to be adswbed before reaching a 
production wdl or (iO thermally labile under 
steam injection conations so that the sur- 
factant properties are lost before die ^d of 70 
the subsequent steam injection. 

2. A process as daimed in Claim 1 
wherein the solvent is one capable of dis- 
solving asphaltenes present in the oiL 

3. A process as daimed in claim 2 75 
wherem the solvent has an aromatic content 

of at least 25%. 

4. A process as claimed in any one of 
daims 1 to 3 wherein the steam distillable 
surfactant is an amine. ^ 

5. A process as daimed in claim 4 
wherein the amine is an aliphatic amine. 

6. A process as daimed in any one of 
daims 1 to 3 wherein the thermally labile 
surEactant is a petrdeum sulphonate. 

7. A process as daimea in daim 6 
wherein the petrdeum sulphonate has an 
avera^ mdecular wdght of from 360 to 

Oft 

8. A process as d^ed in any one oi 
clauns 1 to 6 wherein the amount of surf* 
actant employed is from 0.1 to 5.0 per cent 
by wei^t of the solvent 

9. A process for the recovery of oil from 

a viscous oil reservoir which comprises 95 
injecting a solvent for the oil down 
a well in the reservoir, injecting steam 
down the well, and produdng oil 
through said well or another wdl in the 
reservoir, wherein the solvent is steam dis- 100 
tillable and contains a surfactant whidi is 
diher Q) steam distillable so that the sol- 
vent and surfactant are caused to penetrate 
the reservoir by die steam and be present 
in the zone where the steam condenses, the 105 
surfactant also bdng adsorbable on the 
reservoir rode so as to be adsorbed before 
readiing the production wdl or 0i) therm- 
ally labile under steam injection conditions 
so that the surfactant properties are lost be* HO 
fore the end of die subsequent steam injec- 
tion. 

10. A process for the treatment of a 
viscous oil reservoir substantially as herein- 
before described wifli reference to any one ^5 
of Examines 1 to 4. 

R. D. CRACK. 
Chartered Patent Agent, 
Agent for die Appli^ts. 
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